N-methyl-D-aspartate receptor-mediated modulation of monoaminergic metabolites and amino acids in the chick forebrain: an in vivo microdialysis and electrophysiology study.
The associative avian forebrain region medio-rostral neostriatum/hyperstriatum ventrale (MNH) is involved in auditory filial imprinting and may be considered the avian analogue of the mammalian prefrontal cortex. In search of the neurochemical and physiological mechanisms which play a role in this learning process, we introduced microdialysis and a combined microdialysis/electrophysiological approach in domestic chicks a few days old. With this technique, we were able to follow changes of the extracellular levels of glutamate, taurine, 5-hydroxyindoleacetic acid (5-HIAA), a metabolite of serotonin, and homovanillic acid (HVA), a metabolite of dopamine, and neuronal activity simultaneously in freely moving animals. We obtained first evidence of a modulatory interaction between glutamatergic and monoaminergic neurotransmission mediated by N-methyl-D-aspartate (NMDA) receptors. During local intracerebral infusion of 300 microM NMDA via reverse microdialysis, an increase of taurine and a decrease of 5-HIAA and HVA were detected, accompanied by enhanced extracellular spike rates. Glutamate was increased only during consecutive infusion of increasing NMDA concentrations, when higher (1 mM) NMDA concentrations were infused. The effects of NMDA were antagonized by D, L-2-amino-5-phosphonovaleric acid (1 mM). Infusion of high potassium induced similar changes in taurine, 5-HIAA, and HVA, as found during infusion of NMDA, but decreased extracellular spike rates, which indicates that different cellular mechanisms may underlie the observed neurochemical changes. Neither urethane anesthesia nor different delays between probe implantation and experiment influenced the neurochemical and electrophysiological results; however, changes of taurine were observed only in chronically implanted, awake animals. In summary, microdialysis in combination with electrophysiology provides a powerful tool to detect changes of neuronal activity and transmitter release in the avian brain, with which the role of transmitter interactions can be followed during and after different learning events.